Cladosporin, a fungal isocoumarin derivative, strongly inhibits the uptake and thereby the incorporation of uracil and leucine into cells of Bacillus brevis and the incorporation of uridine but not leucine into cells of the ascitic form of EHRLICH carcinoma (ECA) of mice.
Cladosporin, a fungal isocoumarin derivative, strongly inhibits the uptake and thereby the incorporation of uracil and leucine into cells of Bacillus brevis and the incorporation of uridine but not leucine into cells of the ascitic form of EHRLICH carcinoma (ECA) of mice.
Normal uptake was not restored by removal of the antibiotic. In cells of Escherichia coli A 19-15 (met-) the inhibition of methionine uptake is associated with the cessation of growth. In a methionine-prototrophic revertant from this organism, the uptake of methionine is still inhibited; growth, however, is hardly affected by cladosporin. In vitro no effect on the DNAdependent RNA polymerase from E. coli and on the RNA polymerase II from wheat germ could be detected. The poly(U)-directed poly(Phe) synthesis was also not inhibited by cladosporin. It is concluded that cladosporin inhibits uptake processes which, for the case of essential nutrients, leads to loss of viability.
Cladosporin (3,4-dihydro-6,8-dihydroxy-3-(6-methyltetrahydropyran-2-ylmethyl)isocoumarin), Fig. 1, is a fungal antibiotic which shows a very selective spectrum of activity2,3). 
Assays
Mice bearing EHRLICH ascites carcinomas (ECA) were a gift from H. G. PROBST, Tubingen. Measurement of macromolecular syntheses in ECA cells was performed as described by WEITZEL7); nuclei from ECA cells were prepared as reported by PROBST8).
Wheat germ DNA-dependent RNA polymerase II was obtained from Miles Labs and tested according to JENDRISAK and BURGESS9). DNA-dependent RNA polymerase from E. coli was kindly provided by W. ZILLIG; the assay is described by FUCHS et al. 10 ).
Incorporation and uptake B. brevis was grown in nutrient broth to an A578 of 0.5. The antibiotics were added followed after 5 minutes by the radioactive precursors and incubation was continued for another 5 minutes. For uptake studies the cells were immediately collected by vacuum filtration through presoaked (saline containing 1 mm precursor) membrane filters (0.45 ,um pore size; Sartorius) and washed twice with 5 ml saline and dried. Scintillator fluid (5 ml of toluene containing 4 g PPO per liter) was added and the radioactivity was determined in a Mark III (Nuclear Chicago) liquid scintillation counter. Under these conditions the uptake of uridine is linear for at least 9 minutes as shown by KUPKA et al.11). The uptake of uracil (1 pCi/0.1 amol) and leucine (1 /sCi/0.02 Irmol) was linear for 20 minutes when measured under the conditions described, which are identical to the conditions used for the evaluation of the antibacterial activity of cladosporin. For incorporation studies the cells were suspended in an equal volume of cold 10 % TCA containing unlabeled precursor at 1 mM. The TCA-insoluble material was collected on membrane filters and washed twice with 5 ml of cold 5 % TCA and dried. The radioactivity retained on the filters was determined. E. coli strains were grown in Lab-Lemco-medium to an A578 of about 1.5 the cultures were diluted with prewarmed (37°C) synthetic medium12) to an A578 of 0.4 and reincubated. At A578=0.5 the antibiotic and 5 minutes later the precursors were added. After 10 minutes the cells were rapidly vacuum filtered through presoaked (0.1 M LiCl) membrane filters, rinsed twice with 5 ml of 0.1 M LiCl and dried. The radioactivity retained on the filters was determined. For uptake studies usually one control mixture was kept at 0°C.
Chemicals
The following radioactive compounds were purchased from Amersham Buchler:
Unlabeled ribonucleoside triphosphates and calf thymus DNA were purchased from Boehringer and Soehne. Cladosporin was isolated from Eurotium glabram and methylated with dimethyl sulfate as described before3). Rifampicin was obtained from Ciba-Geigy AG; all other chemicals were reagent grade from Merck.
Results and Discussion
Earlier in vivo experiments with B. brevis on the inhibition of incorporation of leucine, uracil, and thymidine into the 5 % TCA-insoluble fraction of cells (protein, RNA, DNA) showed that the "uptake" of precursors into RNA and protein stopped immediately after the addition of 0.5 , tg cladosporin per ml of culture. In fact, the incorporation of uracil was inhibited at significantly lower concentrations than the incorporation of leucine (Fig. 2 ).
When we tested the effect of cladosporin on the incorporation of radioactive precursors into cells Table 1 . Effect of cladosporin and dimethyl cladosporin on the incorporation of thymidine, uridine, and leucine into TCA-precipitable material in ECA cells. Cells (3 x 106) were preincubated with the antibiotics in buffered saline13) for 10 minutes. The radioactive precursors (0.1 aCi) were added and after 20 minutes the cells were centrifuged, the pellet was suspended in 5 % TCA. The acid-insoluble material was collected on membrane filters and washed twice with 5 ml TCA. After drying 5 ml scintillator fluid were added to the filters and the radioactivity was determined. of the ascitic form of EHRLICH carcinoma (ECA), we found that the incorporation of uridine was strongly inhibited whereas the incorporation of leucine and thymidine was hardly affected ( Table 1 ).
The concentration dependence of the inhibitory effect of cladosporin and dimethyl cladosporin on the incorporation of uridine into ECA cells is shown in Fig. 3 . The dimethyl derivative is slightly more VOL. XXXII NO. 9
THE JOURNAL OF ANTIBIOTICS active than cladosporin itself. The concentrations needed for 50% inhibition of uridine incorporation are 6 x 10-5 M for cladosporin and 4 x 10-5 M for dimethyl cladosporin. It is interesting that the dimethyl derivative of cladosporin showed the same inhibitory effect since when the hydroxyl groups are methylated, the antibiotic activity is drastically decreased: For example, no inhibition of fungi by dimethyl cladosporin was observed and the concentration required to inhibit growth of B. brevis was a 100-fold higher3). Because of these findings we first assumed that the incorporation of the appropriate precursor into RNA might be the target of the action of cladosporin in pro-and eukaryotes, and that the inhibition of the incorporation of leucine in B. brevis might be a secondary effect.
In vitro experiments with DNA-dependent RNA polymerase from E. coli, however, showed that cladosporin and dimethyl cladosporin had no effect on the enzyme activity ( Since inhibition of the uptake of the appropriate precursors into cells would also result in lower incorporation of these precursors into macromolecules we investigated the uptake of uracil, uridine, and other metabolites into cells of ECA and B. brevis. The results are given in Tables 3~5.
In ECA cells (Table 3) , uptake of uridine was inhibited to the same extent as incorporation into Table 3 . Effect of cladosporin on the uptake and incorporation of uridine, a-aminoisobutyric acid, and deoxyglucose in ECA cells. 6 x 106 cells were preincubated with the antibiotic for 10 minutes, the precursors (0.2 /CCi) were added and after 10 minutes the mixture was divided into equal parts and centrifuged. For the uptake one half of the cells was resuspended in saline containing the precursor (1 mM); the cells were immediately collected on membrane filters, rinsed twice with 5 ml saline and after drying the radioactivity was determined (uptake). The other half of the cells was suspended in 5 % cold TCA and treated as described in Table I ( Table 4 . Inhibition of the uptake and incorporation of uracil, uridine, leucine, and a-aminoisobutyric acid into cells of B. brevis. B. brevis was grown to an A578 of 0.5. The antibiotics were added. After 5 minutes the radioactive precursors (0.1 IiCi) were added and after another 5 minutes the uptake and the incorporation into TCA-insoluble material was determined. As a positive control for a RNA polymerase inhibitor the effect of rifampicin was also tested. In B. brevis the uptake of deoxyglucose, thymidine, thymine, and adenosine was unchanged in the presence of cladosporin, but the uptake of uracil and to a lesser extent the uptake of uridine, leucine, and a-aminoisobutyric acid (Table 4 ) was inhibited. The concentrations needed for the inhibition of uracil uptake compared favorably to the minimal inhibitory concentrations (MICs) needed for the prevention of growth of B. brevis. The inhibitory effect of cladosporin was unchanged when different concentrations of uracil were used for uptake studies (Table 5) ; thus a competitive inhibition of uptake can be ruled out. This result is in good agreement with our finding that the MIC for B. brevis was not dependent on the concentrations of uracil and leucine in the assay medium. The uptake of uracil and leucine in B. brevis could not be restored to control levels when the antibiotic was removed after 10 minutes of preincubation*, indicating an irreversible damage of a cell function involved in the transport of uracil and leucine by cladosporin.
Antibiotic
In order to substantiate further that the inhibition of transport components is correlated to the antibiotic activity of cladosporin, different strains of E. coil were tested (Table 6) . For E. coil K 12 and E. coil A 19 neither growth nor uracil uptake was affected by cladosporin. In E. coil A 19-15, a mutant sensitive to high concentrations of cladosporin (the MIC being 1001sg/ml) uracil uptake was almost This inhibitory effect is irreversible: after exposure to cladosporin the uptake of uracil and leucine could not be restored following removal of the antibiotic. This offers a good explanation for our finding that cladosporin is bactericidal rather than bacteriostatic. Whether this irreversibility is due to a covalent binding of cladosporin to the cells has still to be examined.
In ECA cells the inhibition of uptake prevents uridine from being incorporated into RNA. Whether this decrease in uridine uptake is due to an inhibition of uridine kinase remains to be investigated. In ECA cells the uptake of uridine follows the kinetics of facilitated diffusion14), and inhibition of uridine kinase would therefore result in a lower uptake of uridine.
